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Automotive Vehicles Testing and Performance Evaluation Sectional Committee, TED 8 



FOREWORD 

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Automotive Vehicles Testing and Performance Evaluation Sectional Committee had been approved 
by the Transport Engineering Division Council. 

This standard was first published in 1994. This revision has been taken up to include the requirements of: 

a) measurement of air density at the site conditions, 

b) the length of the gradient in the test track, and 

c) the teclmical specification of the vehicle to be submitted to the Testing Agency {see Annex A) for 
gradeability test. 

The composition of the Committee responsible for the formulation of this standard is given in Annex B. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2: 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained 
in the rounded off value should be the same as that of the specified value in this standard 
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Indian Standard 

AUTOMOTIVE VEHICLES - STARTING 
GRADEABILITY - METHOD OF MEASUREMENT 



( First Revision ) 



1 SCOPE 



This standard specifies the method for measurement 
of starting gradeability for all types of road vehicles 
and may also be used to verify the capability of 
vehicle with the maximum recommended 
gradeability declared by the vehicle manufacturer. 

2 TERMINOLOGY 

2.1 Starting Gradeability — The starting 
gradeability of a vehicle is the maximimi gradient, 
on which the vehicle can start climbing from stand- 
still condition, with all the wheels of the vehicle on 
the gradient at the time of start. 

2.2 Percentage Gradient — It is 1 00 x tan 0, where 
' ^' is the angle between the gradient and horizontal 
plane. 

3 VEHICLE PREPARATION 

3 A The vehicle shall be run in as per the practice 
recommended by the vehicle manufacturer. 

3.2 The vehicle shall conform in all its parts, 
components and systems to the technical 
specification declared by the manufacturer 

3.3 The adjustment of brakes, clutch, idling speed, 
etc, and the adjustment of fuel system, ignition 
system and grade, quality, quantity of lubricants for 
various moving parts shall conform to the 
manufacturer's recommendation. 

3.4 The tyres shall be run in at the same time as the 
vehicle and shall have a tread depth not less than 90 
percent of tread depth of a new tyre and shall have 
operated for at least 500 km or the distance 
recoimnended for running-in of the vehicle, prior to 
test. 

3.5 The tyre pressure shall be adjusted, when cold, 
to the value recommended by the vehicle 
manufacturer for that load condition of the vehicle. 

3X^ All the fuel enriching devices other than those 
required for the normal functioning of the vehicle 
shall be made inoperative. 

3.7 Additional attaclunents which consume power 
like air-conditioner, etc, shall also be made 
inoperative. 



3.8 In case of vehicle with more than one live axle, 
all combinations of live axles provided for selection 
on the vehicle shall be tried out. 

3.9 The vehicle shall be loaded to the specified gross 
vehicle weight (GVW) and load distribution between 
the axles shall be as close as possible to the values 
recommended by the manufacturer. 

3.10 Before test, vehicle including all its parts, 
components and systems shall have reached a stable 
operating temperature normal to the vehicle 
preparation, 

3.11 During testing all the windows and ventilating 
systems of the cabin shall be closed and overhead 
ventilating system/hatches where provided shall be 
lowered, wherever applicable. 

4 TEST CONDITIONS 

4.1 Atmospheric Conditions 

4.1.1 The atmospheric conditions at test site, such 
as pressure, temperature and relative humidity shall 
be recorded. The air density at test site (4) shall be 
calculated by the formula given below. The air 
density so calculated shall not differ from the 
reference air density {d^ by more than 7.5 percent. 

d, = cl^x(H,/H;)x(TJT,) 
where 

c^^ ~ air density at test conditions in kg/m-\ 

d^ = air density at reference conditions = 1.1 68kg/ 

m , 
H^ = atmospheric pressure at test site expressed in 

kPa, 
H^ = atmospheric pressure at reference conditions 

=:100kPa, 
T^ = ambient temperature at reference conditions 

= 300 K, and 
7J = ambient temperature at test site expressed in 

K. 

4.1.2 The relative humidity at the test site shall be 
between 45 and 75 percent. 

4.2 Features of Test Track 

4.2.1 The surface of the test track shall be diy, 
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roadway covered with asphalt or concrete. The 
lateral gradient of the track shall not exceed 
3 percent. The length of the gradient shall be 
at least equal to the wheel base of the vehicle plus 
15 metres, 

4.2.2 The inclination of stretch on which the trials 
are conducted shall be measured at least at three 
places and the average angle of these values shall 
be quoted as gradient. 

5 TEST PROCEDURE 

5.1 The test shall be conducted preferably on the 
specified gradient. If such a gradient is not available, 
the nearest gradient available shall be used. Park the 
vehicle on the gradient using parking brake, front of 
the vehicle facing upwards with all the wheels 
standing on the gradient and the rearmost point of 
the vehicle lies at least one metre ahead of the bottom 
of the gradient. If necessary, wheel chock may also 
be placed behind the rearmost wheels. In case of 
two wheelers, the vehicle shall be parked as above 
by using the front/rear brake or by using the wheel 
chock behind the rear wheel. 

5.2 The vehicle shall be started from neutral gear 
position with engaging of the lowest gear (that is, 
the gear with highest numerical reduction ratio). 
Attempt shall be made to start the vehicle in this 
position. 

5.3 In case, the test is done on a gradient which is 
not the specified gradient, increase/decrease the load 
in/on the vehicle till the vehicle is just capable of 
starting and negotiating the gradient. This shall be 
possible without excessive shuddering or vibration 
of the vehicle. Record the weight of vehicle at this 
condition. The test shall be repeated three times 
successfully. In all tlu*ee cases, the vehicle shall be 
brought to the normal operating temperature of 
engine/clutch between these tests. 

NOTE — The amount of extra load on the vehicle and the 
axles shall be a.s agreed by the vehicle manufacturer. In case 
the load requirement is excessive, the test shall be conducted 
at another appropriate gradient. 

5.4 The starting gradeability of the vehicle, in 
percentage, shall be expressed as: 

G- 100 X tan{sin-' (sin 6^ W^IW^} 
where 

G ^ starting gradeability of vehicle in percentage, 

= slope angle of the test track used for the test, 

Wj = weight of the vehicle as recorded in 5J, and 

W^ = maximum recommended GVW of the vehicle 
specified in 3.9. 



6 TECHNICAL SPECIFICATIONS OF THE 
VEHICLE 

The technical specifications submitted by the vehicle 
manufacturer to the test agency shall contain at least 
the details given in Aimex A. 

NOTE — In case the specification submitted for whole type 
approval of vehicle contain the above information, it is not 
necessary to submit the same again. 



7 CHANGES IN 

SPECIFICATIONS 



TECHNICAL 



7.1 In case the testing is for the purpose of verifying 
compliance to the statutory limits, the changes in 
the technical specifications declared as specified in 
6 shall be intimated to the test agency by the 
manufacturer. For deciding whether the changes in 
specifications affect the gradeability adversely or not, 
the guidelines given below shall be used. 

7.2 In case of the following changes, the tests may 
be necessary for establishing compliance. However 
re-testing may not be required, if the conditions given 
at 7.4 are met. 

7.2.1 Any increase in GVW. 

7.2.2 Any decrease in maximum engine torque. 

7.2.3 Any decrease in overall transmission ratio 
(engine rpm/wheel rpm) in the lowest gear (that is, 
the gear with highest numerical reduction ratio). 

7.2.4 Any change in tyre size which increases the 
rolling radius. 

7.2.5 Permanent 4 wheel drive to 2 wheel drive 
configuration. 

7.3 In case of changes given in 7,2.1 to 7.2,4, the 
gradeability shall be calculated for the new 
combination using the following formula from the 
results of the tested combination: 

Gn= {TJTo) X {GJG,o) X {GVWJGVW^) x 

{TJZn) X (Go) 

where 

G„ = extrapolated gradpability of the 

modified combination, 
r„ := engine torque for the modified 

combination, 
T^ = engine torque for the combination 

tested, 
Gr,i = transmission ratio for the modified 

combination, 
G„ = transmission ratio for the combination 

tested. 
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GVW^, = gross vehicle weight for the 

combination tested, 
GVW,, = gross vehicle weight for the modified 

combination, 

7',,, = rolling radius of the tyre for the 
combination tested, 

/|„ = rolling radius of the tyre for the 
modified combination, and 

G^, = test result of the gradeability for the 
combination tested. 



7.4 Conditions on which re-testing may not be 
required: 

— G„ is more than 1.2 times the statutory limit 
for the gradeability or the limit specified by 
the manufacturer in the technical specification 
of the vehicle, and 

— The ratio G^/G^, is less than 1.3. 

NOTE — The same procedure cati be adopted for verification 
of the value declared by the manufacturer for the modified 
combination. 
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ANNEX A 

{Foreword and Clause 6) 

TECHNICAL SPECIFICATIONS OF THE VEHICLE FOR GRADEABILITY TEST 

A-(» GENERAL 

A-O.l Manufacturer's Name and Address 
A-(K2 Telephone/Fax No. 
A-0,3 Contact Person 

A-1 VEHICLE 
A 1.1 Mode! 
A-L2 Variant 
A-1. 3 Type and Category of Vehicle 

A-2 CONFIGURATION 

A-2.1 No. of Axles: 

a) Driven 

I)) Non-driven 
A-2.2 Type of Drive 
A-2.3 Wheel Base (mm) 
A-2. 4 Ovcrhanj^!;: 

a) Front (mm) 

h) Rear(mm) 
A-2. 5 Anj^le of Approach (deg) 
A-2.6 Anj^le of Departure (deg) 
A-2.7 Ramp Angle (deg) 
A-2.8 Operation of Parking Brake (Hand/Foot) 

A-3 WEIGHMENT (kg) 
A-3.1 Unladen Weight 
A-3.2 GVW 

A-3. 3 Recommended Axle Load Distribution 
A-3.4 Maximum Permitted Axle Load Distribution 
A-3. 5 Maximum Recommended Gradient 

A-4 DRIVE LINE 

A-4.1 Maximum Engine Torque, kg.m at rpm 

A-4.2 Overall Transmission Ratio Providing Maximum Torque 
A-4.3 Tyre Size and Ply Rating 
A-4.4 Tyre Inflation Pressure (liPa) 

N(!)'rF. — The specifications as specified in A-2. 5 to A-2, 7 are required for selection of test gradient. 
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ANNEX B 
(Foreword) 

COMMITTEE COMPOSITION 

Automotive Testing and Performance Evaluation Sectional Committee, TED 8 



Organization 

In PersonaLCapacity (28i I Cross Road 

Kasturi Bai Nagar, Adyar, Chennai 600020) 
Ashok Leyiand Ltd, Chennai 

Association of State Road Transport Undertakings, 

New Delhi 
Automotive Research Association of India Ltd, Pune 

Bajaj Auto Ltd, Pune 

Bajaj Tempo Ltd, Pune 

Central Farm Machine Training and Testing Institute, 

Budni 
Central Institute of Road Transport, Pune 

Controllerate of Quality Assurance (Vehicles) [DGQA(V)], 

Ministry of Defence, Ahmednagar 
Daewoo Motors India Ltd, New Delhi 

Department of Industrial Development, New Delhi 

Directorate General of Supplies and Disposals, New Delhi 

Hero Honda Motors Ltd, New Delhi 

Hindustan Motors Ltd, Hooghly 

Indian Institute of Petroleum, Dehra Dun 

Kinetic Engineering Ltd, Pune 
Mahindra & Mahindra Ltd, Nashik 

Maruti Udyog Ltd, Gurgaon 

Premier Automobiles Ltd, Mumbai 

Royal Enfield Motors Ltd, Chennai 

Society of Indian Automobile Manufacturers, 

New Delhi 
Standing Committee (Tech & Stores) CIRT, Pune 

Swaraj Mazda Ltd, Chandigarh 

Tata Engineering & Locomotive Company Ltd, Pune 

Toyota Kirloskar Motors Pvt Ltd, Bangalore 



Representative(s) 
Shri R. Ramakrishnan {Chairman) 

Shri R. R. G. Menon 

Shri R. C. Balakrishanan {Alternate) 
Shri A. S. Lakara 

Shri Hira Lal {Alternate) 
Shri B. Ghosh 

Shri S. S. Sandhu {Alternate) 
Shri T. M. Balaraman 

Shri V. M. Manel {Alternate) 
Shri V. M. Mundada 

Shri R. M. Kanitkar {Alternate) 
Shri R. S. Dass 

Shri M. L. Mehta {Alternate) 
Shri S. R. Tapade 

Shri P. C, Barjatia {Alternate) 
Shri P. K, Saha 

Major Balwinder Singh {Alternate) 
Shri Dinesh Tyagi 

Shri Surya Patnaik {Alternate) 
Shri S. K. Bharij 

Shri R. K. Tripati {Alternate) 
Shri N. K. Kaushal 

Shri S. K. Gautam {Alternate) 
Shri Harjit Singh 

Shri Shailendra Muthu {Alternate) 
Shri U. K, Kini 

Shri M. G. Jhingran {Alternate) 
Dr Mukesh Saxena 

Shri Janardhan Sharma {Alternate) 
Shri P. V. Bhandare 
Shri S. K. Mukherjee 

Shri Z. A. Mujawar {Alternate) 
Shri I. V. Rao 

Shri P. Panda {Alternate) 
Shri S. N. Srinivasan 

Shri K. D. Dighe {Alternate) 
Shri Veenu Mathur 

Shri N. Ranganathan {Alternate) 
Shri Rajat Nandi 

Shri Sumit Sharma {Alternate) 
Shri A. N. Ogale 

Shri P. Udav Kumar {Alternate) 
Shri Lakhinder Singh 

Shri S. R. Agrahari {Alternate) 
Shri A. T. Phatak 

Shri A. V. Kulkarni (Alternate) 
Shri K. E. Takavale 

Shri Yogaprasad {Alternate) 

{Continued on page 6) 
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{Continued from page 5) 

Organization 
Vehicle Factory, Ministry of Defence, OFB, Jabalpur 

Vehicle Research & Development Establishment, 

Ahmednagar 
Volvo India Pvt Ltd, Bangalore 

Yamaha Motor Escorts Ltd, Faridabad 

BIS Directorate General 



Representativefs) 

Shri M. K. Mishra 

Shri R. G. Karemore (Alternate) 
Shri R. C. Sethi 

Shri N. Karuppaiah (Alternate) 
Shri Anton Freiesleben 

Shri Paulraj Edwin (Alternate) 
Shri S. C. Yonezawa 

Shri B. Sarkar (Alternate) 
Shri A. R. Gulati, Director & Head (TED) 
[Representing Director General (Ex-officto)] 



Member Secretary 

Shri A. K. Nagpal 

Director (TED), BIS 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote harmonious 
development of the activities of standardization, marking and quality certification of goods and attending to 
connected matters in the country. 

Copyri<;ht 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing 
the standard, of necessary details, such as symbols and sizes, type or grade designations, Enquiries relating to 
copyright be addressed to the Director (Publication), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of 
^BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc: No. TED 8 (277). 
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